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Introduction 38
Environmental contamination by trace metals is a global problem and has been 39 intensively studied (Nriagu and Pacyna, 1988) . Metal accumulation in crop plants 40
represents an important route of toxic metals into the human food chain (Mclaughlin 41 et al., 1999) . Pb and Cd are of particular concern because of their high toxicity and 42 long biological half-life in humans (Komarnicki, 2005) . Therefore, a better 43 understanding of the transfer and accumulation of these metals from the environment 44 into crop plants is critical for the protection of human health. 45 6 The Pb isotopic composition was analysed for selected ore, soil and maize samples 114 by ICP-MS (Perkin-Elmer Elan 6100 DRC plus ). The details of the procedure were 115 reported by Lee et al. (2006) Common Pb Isotopic Standard) were used for quality control. The analysis was 120 repeated when the differences between the measured and certified values of the 121 standard reference material exceeded 0.5%. The Pb counts of the procedural blank 122 were < 0.5% of the samples, and the precision (% RSD) of the Pb isotope ratios of ten 123 replicates were typically < 0.5%. The average Pb ratios of 7 exceeding the respective MAC value. These results indicate that these soils at the 139 smelting area had been seriously contaminated by Pb and Cd. 140 Metal concentrations varied among different parts of the sampled maize plants. The 141 concentration of Pb decreased in the order leaves > roots > stalks > grains, whereas 142 the order was roots > leaves > stalks > grains for Cd (Table 1) . Both Pb and Cd 143 concentrations in the maize roots and leaves significantly exceeded those of the 144 samples from the control sites (Table 1 ). In the present study, we were unable to 145 collect maize grain samples from the control sites, but a previous study (Zhang et al., 146 1998) showed that the concentrations of Pb and Cd (0.007-0.616 μg g reported results that plant leaves can uptake substantial amount of Pb direct from 217 atmosphere (Haar, 1970; Buchauer, 1973; Harrison and Chirgawi, 1989; Dollard, 218 1986; Klaminder et al., 2005) . 219
The surface of the grains in the present study was unlikely contaminated by 220 airborne/soil particle because all the grains were wrapped by the husk when sampling. 221 Therefore, the Pb accumulated in the grain samples refers to that of tissue absorption 222 instead of surface adsorption. Metals accumulated in grain (seed) are mainly 223 transported from the leaves via phloem (Patrick, 1997; Patrick and Offler, 2001; 224 Grusak, 1994; Pearson et al., 1995) . Previous study has proved that the foliar Pb can 225 be translocated towards the actively growing regions (Watmough et al., 1999) , 226 including grains (CCFAC, 1995) . Hence, it is possible that the Pb in the grains in our 227 study was mainly derived from the leaves since they had the similar isotope ratios 228 (Fig. 3) . 229
The difference of Pb isotope ratios between leaves and stalks also indicates that the 230 Pb stored in the root and stalk tissues is unlikely derived from the transport of the 231 foliar Pb, and it can be derived only from the soil Pb. However, our current data are 232 unable to explain the relatively lower Pb ratios) 233 in the maize stalks and roots (sample 11) compare to their corresponding soils (Fig. 3) . 234
A possible explanation is that the soil Pb isotopes exhibit fractionation with less 235 radiogenic Pb concentrating in the phyto-available fractions (e.g. the soluble or 236 exchangeable fraction) (Klaminder et al., 2005; Wong et al., 2002; Wong and Li, 237 2004; Bacon and Hewitt, 2005) . Of course more work is needed to test this hypothesis. 238
It can be summarized from the above discussion that maize plants from the zinc 239 smelting emission impacted area had Pb in their roots and stalks mainly derived from 240 the soil, while Pb in leaves and grains appeared to have originated mostly from the 241 atmosphere. Besides the isotopic evidence, the significant positive correlation of totalfurther supports this conclusion (Table 2 ). Our result is in good agreement with 244 previous studies that atmospheric Pb is an important source of Pb in plants (Buchauer, 245 1973; Haar, 1970; Harrison and Chirgawi, 1989; Dollard, 1986; Klaminder et al., 246 2005) . 247 248
Source attribution of cadmium in maize plants 249
Based on the total metal concentrations, it is not easy to distinguish the Cd origins 250 in the maize tissues. But the Pb/Cd ratios calculated in the present study may provide 251 some insights on the Cd cycling and pathways in plants, which differ to those of Pb. 252
The decrease of Pb/Cd ratios from soils to maize roots (Table 1) indicates a much 253 higher bioavailability of Cd than Pb in soil, a finding that is consistent with other 254 reports (Clemens, 2006; Sauerbeck, 1991; Wagner, 1993; Voutsa, 1996) . While in the 255 aboveground tissues of the maize plants (especially grains) the Pb/Cd ratios were 256 higher than those of the roots (Table 1) , this can be explained by two possible reasons. 257
One is that Pb is preferentially transferred in comparison with to Cd from root to 258 shoot of the maize plants. An alternative explanation is that an additional source 259 (atmospheric origin) with relatively higher Pb/Cd ratios was involved in these 260 aboveground tissues. The former explanation is less likely because Pb binds to the 261 cell wall of plants more strongly than Cd, and the rate of Pb movement along the 262 apoplast is lower than that of Cd (Seregin and Ivanov, 1998) 
. Previous studies have 263
proved that the accumulation of Pb in maize shoot is lower than Cd (Makowski et al., 264 2005; Cui et al., 2004) .The Pb/Cd ratios of the ambient air in the smelting area were 265 reported to be 18-26 with a mean value of 23 (Shen et al., 1991) . A similar mean ratio 266 of 24 in the moss samples collected from the same smelting site was reported by Bi et 267 al. (2006b) . Hence, it is possible that the relative higher Pb/Cd ratios in the12 aboveground tissues of the maize were resulted from the atmospheric deposition. This 269 is consistent to the above discussion that atmospheric Pb had dominant contribution 270 to the total Pb burden in the maize leaves and grains. 271
It is worthy to note that Pb/Cd ratios of the maize leaves were much lower than 272 those of the ambient air (Shen et al., 1991) and the mosses (Bi, et al., 2006b) . Many 273 studies argue that atmospheric Pb may be more readily transferred to plant leaves than 274 other metals (Harrison and Chirgawi, 1986; Watmough et al., 1999; Watt et al., 2007) , 275 especially in acid environment (Watmough et al., 1999) . Watmough et al. (1999) 276 found that foliar uptake of Pb may be enhanced at low pH values because of the 277 increased mobility of deposited metals and an increase in membrane permeability. 278 Greger et al. (1993) , however, reported that low pH decreases the net uptake of Cd, 279
probably by an exchange reaction in the cutin and pectin of the cuticular membranes. 280
The studied area is located in a serious acid deposition region in China (Feng et al., 281 2002) . We, therefore, expect that the decrease of Pb/Cd ratios from atmosphere 282 deposition to leaves of the maize is not due to the preferential absorption/adsorption 283 of atmospheric Cd to the maize leaves in comparison with Pb, but a significant 284 contribution of soil Cd to the leaves. Previous study also found that maize plants 285 grown on heavily contaminated soils accumulated substantial amounts of Cd in their 286 leaf tissues (Liu et al., 2005) . Therefore, we may conclude from the above 287 observationsthat the Cd burden in the maize was probably dominated by soil Cd. The 288 significant correlation between Cd concentrations in maize tissues and soils supports 289 this statement (Table 2) . 290 291
Conclusion 292
This field investigation was conducted to obtain insights on Pb and Cd behaviors in 293 maize plants from a typical area with soil and atmosphere being heavily contaminated. 294 atmospheric inputs, while Cd in the whole plant seemed to be mainly derived from 296 soil. Hence, the atmospheric contamination by Pb is more important than that of the 297 soil in terms of the impact of Pb on human health through food chain. However, more 298 work is needed to further confirm the significant contribution of atmospheric Pb to the 299 grains, and factors (e.g. humidity and pH) that influence the absorption/adsorption of 300 atmospheric Pb by leaves are also required to be extensively studied. 
